RESUMO -(Efeito da sacarose e irradiância na germinação e crescimento inicial do gametófito da samambaia arbórea Dicksonia sellowiana Hook (Dicksoniaceae) em perigo de extinção). Esta samambaia arbórea ameaçada de extinção ocorre na floresta ombrófila mista, nos trópicos. Esporos esterilizados germinaram a 25 ± 2ºC em fotoperíodo de 16 horas, em meios de Dyer e MS, acrescidos de 0 a 5% de sacarose. A massa seca foi maior em gametófitos de 30 dias de idade, cultivados em meio Dyer com adição de 3% a 5% de sacarose e em meio MS com adição de 2% de sacarose. A massa seca diminuiu em gametófitos crescidos em meios Dyer e MS na ausência de sacarose e em meio MS acrescido de 5% de sacarose. O efeito de diferentes irradiâncias na germinação e desenvolvimento inicial de gametófitos foi analisado no outono de 1998 (de maio a julho). Frascos cônicos contendo esporos foram mantidos durante 49 dias dentro de caixas de 50cm 3 revestidas por telas que forneceram 5, 20, 36 e 50% de irradiância. Os menores tempos médios de germinação foram observados para esporos que germinaram sob 5 e 20% de irradiância Os mais altos níveis de clorofila total foram observados em gametófitos filamentosos cultivados sob 5 e 20% de irradiância durante 49 dias. Os maiores níveis de açúcares solúveis totais foram observados em gametófitos filamentosos cultivados a 20% de irradiância durante 49 dias.
Introduction
Dicksonia sellowiana Hook is an endangered tree fern belonging to the Dicksoniaceae family. It occurs throughout Central America from Venezuela to Colombia, Bolivia, Paraguay, Uruguay and Southeastern Brazil, were the trunks have been indiscriminately exploited by the commercialization of jars (Sehnem 1978; Tryon & Tryon 1982) .
According to Bernabe et al. (1999) , understanding tree fern reproduction and establishment requirements could provide a basis for the development of alternative methods of propagation that may contribute to their conservation.
Light has signaling functions for any given plant's development in the forest and is the energy source for CO 2 assimilation (Lüttge 1997) . The germination of a great number of fern spores is promoted by light (Millër 1968) . Nutrients as well as other factors are implicated in the growth and development of prothallus fern and in its sporophyte formation (Fernández et al. 1996; 1997) . Borelli et al. (1990) cultivated D. sellowiana spores in Jones and Knop (modified by Dyer) media and commented that the best results were obtained with decontamination carried out in a 2% sodium hypochlorite solution over a period of 10 or 20 minutes. Filippini et al. (1999) observed the lowest percentages of spore germination of D. sellowiana under 43 and 2% of irradiance.
In order to help elucidate the best conditions for the growth and early gametophyte development of D. sellowiana, we carried out two in vitro procedures. First, we investigated the effect of two mineral media, supplemented with sucrose. Second, we analyzed the effect of different levels of irradiance.
Material and methods
Sporophylls of D. sellowiana were harvested in March 1998 at the "Permanently Protected Area of Caraguatá" Antônio Carlos, Santa Catarina, Brazil. Sporophylls were air-dried in an oven at 30ºC for three days on filter paper in order to induce dehiscence. The spores were removed and separated from sporangia by filtering through lens paper. They were then stored in glass jars under refrigeration at approximately 10ºC. The best sterilization method for fresh spores was that which employed surface sterilization using a 35% (v/v) solution of commercial bleach (2% of active chlorine) for one hour before filtering through sterile filter paper and washing several times with sterile distilled water. For the germination tests, about 10mg of sterilized spores were sown in two conical flasks containing 20ml of autoclaved liquid medium. The flasks were plugged with two layers of autoclaved transparent commercial polypropylene film (7×7cm) fixed with rubber bands. All the procedures were carried out in a laminar hood. Spores were germinated in the following media: a) Dyer medium (Mohr modified by Dyer 1979) supplemented with Benlate 0.01% and 0, 1, 2, 3, 4 and 5% of sucrose (pH 5.8); b) Full-strength MS basal medium (Murashige & Skoog 1962) supplemented with Benlate 0.01% and sucrose 0, 1, 2, 3, 4, 5% (pH 5.8).
The germination was carried out in a growth room at 25 ± 2ºC under a 16-hour photoperiod, and a photon flux density of 32µmoles.m -2 .s -1 , which was provided by cool white fluorescent tubes over a period of 21 days. The germination was scored after 14 and 21 days, and four slides were analyzed from each treatment with 100 spores counted on each slide.
To analyze early gametophyte development, 8 samples of sterilized spores (10mg each) were sown in conical flasks containing 20ml of each test medium in T1 (Time 1). After 30 days of cultivation as described above (Time 2), gametophyte dry mass was analyzed. After 30 days of cultivation gametophytes were in the filamentous phase. For dry mass determination, samples were dried in a microwave oven for a period of 2 minutes at high potency.
To study the effects of different irradiance on germination, trays containing two conical flasks in which surface sterilized spores had been sown were kept in 50cm 3 boxes covered with black shade netting giving 50, 36, 20 and 5% of irradiance. The effects of different irradiance on germination and early gametophyte development were studied in the autumn of 1998 (May until early July) under environmental conditions. The levels of irradiance inside the boxes were analyzed by a LICOR 250 quantameter, fitted with a PAR sensor (400 to 700nm). The average of the photosynthetic photon flux density in May was 680µmoles.m -2
.s -1 at 2:00pm. The temperature average in May ranged from 16ºC to 28ºC. Levels of chlorophyll and soluble sugars were analyzed in gametophytes cultivated over 49 days under different light intensities. Six replicates of known fresh weight (200mg each) were used for chlorophyll and soluble sugar extraction. Chlorophyll was extracted in acetone and was quantified according to Arnon (1949) . Soluble sugars were extracted in MCW (methanol: chloroform: water-12: 5: 3 v/v) according to Shannon (1968) and quantified according to McCready et al. (1950) .
Excel for Windows (Microsoft) and Statgraphics software were employed to analyze the data. The results of germination are expressed as percentages, but for the statistical analysis they were submitted to arcsine transformation in order to normalize the data. The means of 4 replications per treatment were compared by Multiple Range Test (Tukey p < 0.05) after angular transformation as suggested by Santana & Ranal (2000) . The mean germination time was calculated for each replication per treatment according to the equation: t -= ∑ (tn)/ ∑n, where t is the time in days starting from day 0, and n is the number of spores completing germination on day t (Labouriau 1983) . These data were compared by Multiple Range Test (Tukey p < 0.05).
The percentage of increase/decrease in dry mass was calculated according to the equation T2 DM -T1 DM, where T2 DM is the dry mass in time 2 (30 days of cultivation) and T1 DM is the initial dry mass estimated for the samples of 10mg of fresh spores. The T1 DM corresponded to 100%. T2 DM (mg) was transformed to a percentage considering the initial dry mass (T1 DM). The Multiple Range Test (Tukey p < 0.05) was employed to compare dry mass, levels of chlorophyll and soluble sugars among treatments. Negative dry mass data were analyzed separately.
Results and discussion
The highest D. sellowiana germination was recorded after 14 days in Dyer medium without the addition of sucrose, but the germination was reduced in Dyer and MS media with the addition of sucrose (Fig. 1A ) After 21 days, there was no difference between germination in Dyer and MS media without the addition of sucrose, but the germination was lower when the media were supplemented with 1 to 5% of sucrose (Fig. 1B) . Spores of D. sellowiana survived after a rigorous sterilization procedure. It was obtained total decontamination and a high percentage of germination. On the other hand, Borelli et al. (1990) obtained 50% contamination of D. sellowiana spores in 2% calcium hypochlorite solution. Raghavan (1989) reported that in general, liquid media were superior for fern spore germination and that it is likely that solid media prevents the breakage of spore coats. According to Camloh (1993) , for spores of Platycerium bifurcatum (Cav.) C. Chr., liquid media are superior to solid media for early gametophyte development, but they have no effect on germination. Camloh (1993; 1999) also reported that the best germination occurred when unsterilized spores of P. bifurcatum were used, but that contamination always occurred after 10 days of culture, which was probably the reason for the lower cell number as compared to sterilized spores. Simabukuro et al. (1998) comment that before storing imbibed spores in the laboratory or before the germination of dry-stored spores, in order to avoid the incidence of fungal growth, there is the need to sterilize them. The same authors observed for Cyathea delgadii Sternb. that the elimination of bacterial and fungal contaminants was best when the spores were washed, treated with calcium hypochlorite, incubated, filtered and washed again before sowing on medium containing Nystatin.
The Dyer medium with the addition of 1 to 5% of sucrose and full strength MS basal medium with the addition of 1 to 4% of sucrose improved the fresh mass of 30-day-old gametophytes ( Fig. 2A) . Dry mass was higher in 30-day-old gametophytes cultivated in Dyer medium with the addition of 3 to 5% of sucrose and MS medium with 2% of sucrose, which was similar to Dyer medium with 4% of sucrose (Fig. 2B) . However, there were no statistical differences among gametophyte's dry mass in MS medium with the addition of 1, 2 and 3% of sucrose and Dyer medium with 2% of sucrose. Dry mass was reduced in gametophytes cultivated for 30 days in Dyer and MS medium without sucrose and in MS medium with the addition of 4 and 5% of sucrose. (Fig. 2B) . In Dyer and MS medium without sucrose, the reduction in the gametophyte's dry mass could be explained by the depletion of storage substances during germination and early gametophyte growth, as a consequence of respiratory activity and an insufficient photosynthetic rate to improve dry mass and biomass. The low MS osmotic potential (Ψ s) with the addition of 4 and 5% of sucrose was probably able to prevent water uptake and consequently inhibit gametophyte metabolism thus reducing the dry mass through the respiratory metabolism. For P. bifurcatum, sucrose did not promote spore germination or early gametophyte growth, which is not the case for the growth of older gametophytes that give optimal growth with 4% of sucrose in the MS basal medium (Camloh & Gogala 1992; Camloh 1993) . On the other hand, for Osmunda regalis L., the addition of sucrose inhibits, and manitol promotes, the growth and development of gametophytes (Fernández et al. 1997) . Fernández et al. (1999) observed that the effect of sucrose on gametophyte development was dependent on the presence of mineral salts in the culture medium. The highest chlorophyll content was observed in gametophytes cultivated under 5% and 20% of irradiance and the highest soluble sugar content in gametophytes cultivated under 20% of irradiance (Table 1) . These data are in agreement with Yeh & Wang (2000) who found the highest chlorophyll content in fronds of Adiantum raddianum cv. Fritz Luth under 92% of shading. According to Lüttge (1997) , shade plants contain higher total chlorophyll levels. The effect of irradiance on spore germination was analyzed (Table 2, Figure 3 ). The lowest mean germination time ( t -) of D. sellowiana spores was achieved under 5% and 20% of irradiance. The germination of D. sellowiana spores was delayed under 50 and 36% of irradiance, after 14 and 21 days of culture in contrast to 20% and 5% of irradiance. This is the reason for the difference in the mean germination time.
On the other hand, after 42 and 49 days of culture, statistical differences among treatments were not observed. Filippini et al. (1999) Bewley & Black (1994) . Shinomura et al. (1996) explain that seed germination of light-sensitive species is a low fluency response (LFR) controlled by the detection of changes in the red/far-red ratio (R/FR) through phytochrome B (PHY B). Similar partial photoinhibition could be proposed for spores of D. sellowiana under 50% and 36% of irradiance. Such behavior could guarantee gametophyte growth and reproduction, but only in appropriate environmental conditions where abundant water supply, low irradiance and mild temperatures are available Our data showed that the germination of D. sellowiana was not improved when sucrose was added to the Dyer and MS mineral media, but that sucrose improved the dry mass of filamentous gametophyte. The lowest mean germination time was observed under 5% and 20% of irradiance in May. These irradiances also provided the highest levels of the gametophyte's soluble sugar and chlorophyll. Days of culture Germination (%)
